Abstract. Hydrosweep bathymetry and multichannel seismic reflection data from two contrasting segments of the East Pacific Rise 15ø30'-17øN are used to assess the relationship between crustal structure, morphological indicators of magma supply, and ridge segmentation. From stacked and migrated seismic profiles we evaluate the width and depth of the axial magma lens and the geometry of the seismically inferred extrusive crust, layer 2A. In contrast to other studies, correlation between axial morphology and magma lens characteristics is found with a lens that, on average, is twice as wide and slightly shallower (100-200 m) beneath the unusually shallow and broad southern segment and that shoals and broadens beneath the shallowest part of the northern segment. However, large local-scale variations in lens depth and width are also observed that are not related to morphology. We conclude that magma supply contributes to the regional characteristics of the magma lens beneath a ridge segment, with large variations within a segment due to local processes of magma eruption and delivery. A negative correlation between zero-age extrusive layer thickness and morphology is found with a thinner extrusive layer along the southern segment. In this innermost axial region above the magma lens, factors such as magma pressure, not magma volume in the lens, may govern the thickness of extrasives that accumulate. The width of the zone over which the extrusive layer is built is positively correlated with morphology with a wide zone where extrasives approximately triple in thickness characterizing the southern segment (5-8 km), and a narrower zone (2-5 kin) of minor thickening (less than double) along the northern segment and toward ridge segment ends. This relationship could reflect changes in lava flow characteristics in these areas of contrasting magma supply. We find a close correspondence between discontinuities in the narrow axial summit trough and changes in magma lens presence and geometry, indicating a genetic link between the finest-scale tectonic segmentation of the ridge and segmentation of the magma lens. In several locations, discrete magma lenses at different levels within the crust (offset by several hundred meters) are imaged beneath adjacent fourth-order ridge segments.
Systematic variations along mid-ocean ridges in a wide
zone that narrows toward the ridge segment ends and along the deeper northern ridge segment. Our dense seismic coverage reveals a strongly three-dimensional magma lens beneath the ridge axis and a close correspondence between segmentation of the magma lens and small offsets of the axial summit trough. We find evidence for discrete lenses associated with adjacent ridge segments bounded by small offsets of the axial summit trough and for multiple lenses at different levels within the crust. Finally, the distribution of the magma lens at the southern segment suggests connection between magma plumbing for the current ridge axis and the Mudskipper seamount chain.
Bathymetric Data
Hydrosweep bathymetry collected simultaneously with the multichannel data are merged with existing SeaMARC II and SeaBeam bathymetry data [Macdonald et al., 1992] Carbotte and Macdonald, 1992] and indicates the presence of a migrating nontransform discontinuity initially located at 15ø47'N.
Northern Segment
Along the northern segment the EPR progressively shallows from the 16ø20'N OSC to a local minimum depth of 2645 m at 16ø29'-31'N. North of this shallowest point, the ridge crest becomes strongly lineated, and a rifted axial morphology develops. A pair of fault scarps extend along the edges of the ridge crest and bound fault blocks elevated 15-25 m above the innermost axial zone. A central ridge is located between the elevated rift shoulders that in places is transected by a linear scarp. We tentatively identify this lineation as an AST although it is difficult to positively identify this feature as a depression rather than a single fault from the side-scan data. With the equivocal nature of this lineation we do not attempt to define fine-scale tectonic segmentation along this segment.
The cross-axis shape of the ridge north'of 16ø3 I'N is similar to 
Recent Tectonic History
The complete multibeam coverage of the axial region obtained during our cruise provides new information on the recent tectonic history of the southern segment with important implications for interpretation of crustal structure within the region. On the basis of -20% asymmetry in the width of the Brunhes anomaly with respect to the current axis, Weiland and Macdonald [1996] conclude that a westward ridge jump occurred along the southern segment in the past 0.3-0.15 Myr. From the morphological similarity to the current axis we infer that the east flank plateau was the former ridge axis location. The locus of spreading jumped west 7-10 km to its present location presumably in response to increased proximity of the melt source associated with the Mudskipper seamount chain as the EPR migrated northwest in the mantle reference frame [Gripp and Gordan, 1990] . Bathymetry show a crosscutting relationship between the current axial high and adjacent abyssal hills on the west flank with the axis trending 5 ø oblique to and overprinting more northerly trending abyssal hills (Plate 1). This crosscutting relationship indicates that spreading has been established at the current location for, at maximum, 85 to 105 kyr (time corresponds with width of axial plateau to first obliquely oriented abyssal hill).
The nontransform offset located at -15ø47'N may have existed prior to or may have developed as a result of westward jump of the ridge axis south of this location. Following the ridge jump, this offset rapidly migrated north at a rate of-240 mm/yr (estimated from the average trend and width of the relict basinridge terrain). The 15ø59'N deval is located just north of the northernmost relict basin-ridge pair and may be the current site of this migrating offset. The tectonic history described above implies that accretion along the southern segment has been focused beneath the current axial plateau for -100 kyr and that the crustal structure of the axial region may not be typical of the earlier phases of spreading in this location.
Seismic Experiment and Data Analysis
Multichannel seismic (MCS) reflection data were obtained In addition to the AMC and layer 2A arrivals a Moho reflection was observed intermittently in our data, predominantly on the short, ridge-parallel segments run between cross-axis lines. The major exception was line 1331 where excellent Moho was imaged from the edge of the axial high for over 20 km on the ridge flanks. However, given the rare occurrence of Moho in most of our data, we did not attempt to map this feature and have restricted this study to the AMC and layer 2A arrivals.
To image these events, stacking velocities were obtained using detailed velocity analysis of selected CMP gathers (every 10 to 50). For each gather inspected, constant velocity normal moveout was applied at a range of velocities, and the velocities which best flattened the layer 2A event in the vicinity of its terminating caustic and the AMC event were identified. From this analysis a stacking velocity function which varied with two-way travel time for the seafloor, layer 2A event, and AMC was constructed. Semblance methods are inadequate for velocity analysis for these data because of interference effects of seafloor scattering and the nonhyperbolic nature of the 2A arrival. During stacking, an outside mute was applied beyond offsets of 3000 m to minimize the effects of extreme stretching of the 2A event at the farthest offsets. Stacked sections were migrated using a frequency-space (FX) migration algorithm. FX migration is well suited to handle large lateral velocity contrasts such as those associated with the changing structure of layer 2A at the ridge axis. For migration we used a velocity model derived from the on-axis velocity-depth profile of Vera et al. [1990] Cross-axis lines where two AMC events are imaged show that the break in the magma lens events roughly coincides with a rapid increase in layer 2A thickness, and imaging difficulties associated with these rapid lateral velocity changes are likely to be important. Clearly, some of the travel time difference between the magma lenses on these lines is due to the rapid change in the thickness of the low-velocity layer 2A. However, in addition to velocity "pull-up" where 2A is thin, rapid changes in layer 2A thickness may significantly distort hyperbolae associated with the aWhere two discrete lens events are imaged, the value for the lens located under the AST is given first.
bone standard deviation is given in parentheses. bFrom Table 3 . COne standard deviation is given in parentheses. In this study we identify the layer 2A accumulation zone as the region over which 2A thickens to its average value on the ridge flanks (Table 3) . This definition provides a minimum estimate of accumulation zone width at the southern segment on the assumption that total 2A thicknesses at the edges of the neovolcanic zone for the present-day spreading center are likely to be at least as large as those on the adjacent ridge flanks. We 
Discussion
In sections 6.1-6.3 we discuss implications of our study for questions regarding the influence of magma supply on the characteristics of the magma lens and the extrusive layer and the relationship between tectonic and magmatic segmentation of the ridge. none standard deviation given in parentheses.
What is the Influence of Magma Supply on
•Average values are computed from Tables 1 and 2 of the magma lens with spreading rate and magma supply. In beneath the shallowest untectonized part of the segment (Plate 2 these models, lens depth is controlled by the thermal structure of and Figure 8 ). The correlation between magma lens the ridge axis, which reflects the balance between heat input to characteristics and axial morphology that we obtain is much the crust through magma injection and heat removed through hydrothermal circulation. These models predict that for constant spreading rate a shallower lens will be associated with greater magma supply to a ridge segment.
In Figure 9 and Table 6 we examine the relationship between magma lens and extrusive layer characteristics and commonly used morphological indicators of magma supply (axial depth and stronger than that reported by Hoofi et al. [1997] for data from the southern EPR (correlation coefficients of <0.1-0.3 for lens depth and width compared with axial depth and area, see their Table 2 ). The differences between our study and that of Hooft et al. [ 1997] Figure 8) . In places where a second, deeper magma lens is imaged, there is no summit trough in the overlying seafloor or corresponding region of thin layer 2A. These relationships imply that crustal creation is focused where the magma lens is shallowest and that AMC depth is closely associated with eruption processes. Magma lenses may be dynamic features residing at different levels beneath a segment and with varying widths depending on local variations in both magma delivery to the lens from the mantle below as well as magma removal by dike intrusion and eruption. Magma supply region of accumulation than found at the northern segment, may contribute to the regional depth and width of the lens indicating a direct relationship between axial morphology and the beneath a ridge segment, but these parameters are strongly long-term accumulation of extrusives (Tables 3 and 6 than that of water). Buck et al. [1997] propose that the thickness of extrusives which can accumulate on axis reflects the influence of magma pressure within the melt lens. In their model, Buck et al. [ 1997] assume that eruption of magma will occur when the average density of the intrusive and extrusive section overlying the magma lens is greater than magma density. However, ongoing eruption will thicken the low-density extrusive layer, decreasing the average density of the overburden and hence the magma pressure within the magma lens, thereby inhibiting further eruption. This process will give rise to an equilibrimn thickness for the extrusive layer above a magma lens of given depth and predicts that a thicker extrusive layer can accumulate at ridges region. As described in section 2.3, the southern ridge segment jumped to its current location within the past <100 kyr, and the duration of spreading at this site is confined to the axial high. Although correlation between magmatic and tectonic segmentation is apparent in these previous studies, the nature of the transition in the AMC reflector at devals is difficult to characterize in detail because of sparse data coverage. Our data coverage is better suited to address this question and provides a glimpse of the three-dimensional nature of the magma lens at devals. We find evidence that discrete magma lenses may be associated with individual ridge segments bounded by devals and data (C. Langmuir and J. Bender, personal communication, 1998) will help discriminate between these hypotheses.
Summary
On the basis of our combined bathymetric and multichannel seismic data set of the two contrasting segments of the EPR north of the Orozco fracture zone we find the following:
1. The southern ridge segment has experienced a complex recent tectonic history including a westward ridge jump of -7-10 km within the past 100 kyr and rapid northward migration (-240 mm/yr) of a small ridge offset that now coincides with the deval at 15ø59'N. These changes in ridge geometry presumably occurred in response to enhanced melt supply to the axial regime associated with increased proximity of the Mudskipper seamount chain. The former ridge axis location coincides with an 8-kmwide plateau located on the east flank which is similar in morphology and upper crustal structure to the current axis. At both locations, large accumulations of the seismically inferred extrusive layer are found preferentially along the eastern edges of these plateaus which may be associated with small-scale westward migration of the locus of active accretion. A transition from fast-to intermediate-spreading axial morphology occurs along the northern ridge segment where a shallowly rifted axial high develops north of 16ø30'N.
2. Large-scale morphological characteristics of the two Orozco segments do provide some indication of magma lens characteristics with a lens which is, on average, twice as wide and 100-200 m shallower beneath the inflated southern segment and which systematically widens and shallows beneath the shallowest part of the northern segment. However, large local variations in both lens width and depth are also observed independent of morphological variations. We conclude that contrasts in magma supply inferred from axial morphology contribute to the width and depth of the magma lens from one ridge segment to the next but that within a segment, magma lens characteristics may be
